This study aimed to examine the choice pregnant women make about the amount of fetal genetic information they want from chromosome microarray. Women having invasive prenatal testing in the absence of fetal structural abnormality were recruited in Victoria, Australia. A decision aid for women described 'targeted' analysis as reporting only copy number variants implicated in a highly penetrant and well-described phenotype and 'extended' as additionally reporting variants of uncertain or unknown significance. Participant's choice and demographics were collected by survey before chorionic villus sampling or amniocentesis; psychological data were also collected then and again about 10 days after receiving results. High-resolution single-nucleotide polymorphism array analysis was performed, and a clinical review committee assessed variants for reporting before returning results to participants. Sixty-six participants (59.5%) chose extended analysis and 45 (40.5%) targeted. Choosing extended information was associated with (1) indication for prenatal diagnosis: maternal age alone (adjusted odds ratio (adjOR) 9.6, 95% confidence interval (CI): 1.4-66.0, p= 0.02), or 'other' indication (adjOR 7.1, 95% CI: 1.5-33.1, p= 0.01)); (2) >12 months to conceive (adjOR 4.1, 95% CI: 1.0-17.7, p= 0.05); and (3) Asian background (adjOR 4.67, 95% CI: 1.0-21.0, p= 0.04). No adverse psychological impact occurred in either group. We conclude that offering pregnant women different levels of fetal genetic analysis is warranted, alongside decision support.
Introduction
Chromosome microarray analysis (CMA) has been used in the prenatal setting since the mid-2000s, superseding traditional cytogenetic analysis [1] . Initially, prenatal CMA was used only in pregnancies with structural fetal abnormalities, but in 2012, a key publication demonstrated the superior performance of CMA in pregnancies with and without ultrasound abnormality [2] . This large multicentre study demonstrated that CMA detected an additional 6% of fetuses with chromosome abnormalities in the presence of a structural fetal abnormality and an extra 1.7% in the 'other' risk groups, largely through identification of submicroscopic copy number variants (CNVs) that affect function, that is, those that encompass a region implicated in a well-described abnormal phenotype [2] . A recent systematic review pooled data on more than 10,500 fetuses without structural abnormality and gave a frequency of CNVs that affect function of 0.84% (95% confidence interval: 0.55, 1.30) [3] .
Not all CNVs detected are clinically helpful however and variants of uncertain or unknown significance (VOUS) create substantial counselling and ethical challenges in a prenatal setting, where there is no fetal phenotype to guide the interpretation of results and where they may be used to make a judgement about the potential for abnormal outcome and possible pregnancy termination [4] [5] [6] . Initially, this led to controversy about whether or not to extend CMA testing beyond pregnancies where a fetal abnormality had been detected on ultrasound [7] . Guidelines were slow to appear and still, by 2016, those of the American College of Obstetrics and Gynecology/Society of Maternal and Fetal Medicine were irresolute, saying that either conventional karyotyping or CMA can be performed where the fetus does not have a structural abnormality, regardless of maternal age [8] . Belgian consensus guidelines recommend CMA for all pregnancies [9] , while UK guidelines support use of CMA in pregnancy when there is an ultrasound abnormality or nuchal translucency ≥3.5 mm, but are silent about CMA use in other contexts [10] . Similarly, in Australia, CMA use is recommended as the first-tier chromosome test for pregnancies with fetal structural abnormalities with no mention of other indication groups [11] .
With such open-ended recommendations for use of prenatal CMA, it is likely that some clinicians recommend it as a first-line test whenever fetal chromosomal analysis is planned, while others reserve CMA for cases in which there are fetal structural abnormalities, due to concern about VOUS. The Belgian guidelines specify a clear reporting policy that excludes them, but provides the option of using an ad hoc online national committee to consider ambiguous cases [9] . The UK guidelines recommend that VOUS unable to be linked to a potential phenotype should not be reported; [10] the Australian guidelines highlight the importance of genetic counselling for disclosing abnormal and VOUS results [11] . Largely absent from this discussion are the voices of those who will ultimately have to make reproductive choices based on results. To our knowledge, no study has yet asked parents directly about their preferences regarding VOUS.
As the use of CMA for prenatal diagnosis increases, there is a critical need to better understand how the information provided by high-resolution analysis will be interpreted, communicated to and understood by expectant couples. Our novel study offered women having prenatal diagnosis a choice with respect to the amount and type of fetal genetic information they wanted to receive. Two options were provided: 'extended' information including all CMA results (CNVs known to affect function, VOUS and benign) or 'targeted' information including only CNVs known to affect function or benign results. The aim was to examine how women responded to this choice in a real-time clinical setting, that is, to determine the actual uptake rate of either 'extended' or 'targeted' information. We also aimed to determine the psychosocial impact of the decision-making process, with a particular focus on measuring anxiety, decisional conflict and decisional regret.
Materials and methods

Decision Aid
A team of expert researchers and a graphic designer produced the original version of a decision aid after reviewing the relevant literature and consulting medical practitioners. The decision aid was then pilot-tested during five focus groups, consisting of 24 participants (17 women, 7 men, M age = 30.55 years, SD = 7.67 years). Participants were mostly white, educated professionals and living near or in metropolitan Melbourne . For ethical reasons, none of them were expecting a child at the time of the study. During the focus groups, semi-structured discussions were guided by the use of a study-specific survey made up of closed and open-ended questions. The following themes were explored: overall layout and presentation, vocabulary and overall tone, knowledge and understanding. Data were analysed quantitatively and qualitatively and several changes were made to the wording and the format (e.g. A5 instead of A4). Overall, the final version was perceived as short, concise, visually aesthetic and easy to understand.
This document was designed to be a simple resource to support participants in deciding between the extended and targeted information options, and was available in hard copy and online (https://www.mcri.edu.au/sites/default/ files/media/documents/da_edit.pdf). The decision aid described the testing process (fluorescent in situ hybridisation (FISH) followed by CMA), the conditions detected by FISH (trisomies 13, 18, 21 and sex chromosome aneuploidies), and the types of results provided by CMA (no genetic variation, genetic variation known to impact on health and/or development and genetic variation with unknown or uncertain outcome). The decision aid also explained the differences between 'extended' and 'targeted' information options.
Participants
Participants were recruited from seven sites in Victoria, Australia, between September 2014 and October 2015; these included genetics clinics at three metropolitan public maternity hospitals, one rural genetic clinic and three private metropolitan obstetric ultrasound clinics. Eligible participants were English-speaking pregnant women who were scheduled to have chorionic villus sampling (CVS) or amniocentesis because of an increased risk prenatal screening result (maternal serum or non-invasive prenatal testing (NIPT)), advanced maternal age (≥37 years) without any screening risk history, maternal request for reasons such as a twin or in vitro fertilisation pregnancy, or family history of a Mendelian disorder. Eligible participants also needed sufficient time (approximately 2-3 days) between receiving the study information and undergoing their procedure to complete the study requirements. Participants were excluded if they had a nuchal translucency ≥3.5 mm or abnormal fetal morphology on ultrasound.
Following standard antenatal care practice, women who had elected to undergo a CVS or amniocentesis were informed about the study by their private obstetrician or one of 13 tertiary qualified genetic counsellors at the antenatal clinics. (Fig. 1 ) Those who were interested in participating completed a 'consent to contact' form that was sent to the study genetic counsellor, who then rang the women to answer any questions, and to discuss the study requirements. Those then willing to participate completed a consent form (hard copy or online), were provided with the decision aid and were given until the day of the procedure to choose the type of fetal information they wished to receive ('extended' or 'targeted') and to complete Survey 1. Following the planned prenatal diagnosis procedure, the fetal sample was tagged as belonging to a study participant and sent to the Victorian Clinical Genetics Services (VCGS) for analysis.
Laboratory testing
The VCGS cytogenetic laboratory first performed a FISH test to identify common aneuploidy (trisomies 13, 18, 21 and sex chromosome aneuploidies). All samples were then tested using a single-nucleotide polymorphism (SNP) microarray (Affymetrix 750K or Illumina HumanCytoSNP12v2.1). These platforms were routinely used for prenatal testing in the VCGS laboratory at the time the study was conducted [12] . The microarray data were then reported in one of two ways, according to participant choice (see Table 1 ).
Targeted analysis
This report included only abnormalities known to affect function with 100% penetrance, based on literature reports and gene content. Neuro-susceptibility loci, that is, those with <100% penetrance, such as CNVs at 16p11.2, 15q13.3, were not reported back (see Table 1 ). Where required, decisions about classification of individual CNVs were made by a committee comprising VCGS clinical geneticists and laboratory scientists experienced in this area.
Extended analysis
This report included all CNVs known to affect function with 100% penetrance, as well as those with incomplete penetrance and VOUS.
Test results were returned to the participant by the referring doctor from the original recruitment site. In keeping with ethical requirements, the research team was only told whether the results were for CNVs that were known to affect function, VOUS or benign. In both groups, incidental findings would be reported back according to VCGS policy which is to report those with health implications for the child or family, following discussion with the referring doctor.
Surveys
We designed two self-administered surveys comprising validated scales. Survey 1, completed by women before having the procedure, collected data on demographics and reproductive history (Table 2) , and measured decisional conflict [13] , trait anxiety [14] , state anxiety [15] , attitudes towards uncertainty [16, 17] , optimism [18] and perceived likelihood of carrying a child with a genetic abnormality [19] . Survey 1 also asked about participants' choice of 'targeted' or 'extended' fetal information. Survey 2, sent to women approximately 10 days after they received the microarray result, measured resilience/ability to 'bounce back' [20] , state anxiety [15] and decisional regret [21] .
The indication for prenatal diagnosis was obtained from the VCGS laboratory and categorised as: (i) highrisk screening result for Down syndrome (<1 in 150); (ii) increased risk screening result for Down syndrome (between 1 in 150 and 1 in 300); (iii) advanced maternal age ≥37 years (with no screening result) or (iv) 'other' indication (e.g. maternal anxiety, prenatal diagnosis for Mendelian conditions).
Data analysis
Survey data were analysed using Stata version 14 (StataCorp LLC, TX, USA). Comparisons between the two outcome groups representing choice of analysis were undertaken using χ 2 tests for categorical variables, independent t tests (for normally distributed continuous predictor variables) and quantile regression (for nonnormally distributed continuous predictor variables). Tests for normality were done using the Shapiro-Wilk W test.
Multivariable analyses to determine the independent predictors of choice were undertaken using logistic regression. Variables with p values ≤0.2 in the univariable analysis were included in the adjusted model to account for their possible confounding effect. Results are reported as odds ratios (ORs) and adjusted OR with 95% CIs and p values.
Ethics approval was received from five committees, covering all recruitment sites (Epworth Health Care HREC (Project 635-14), The Royal Children's Hospital HREC (Project 34048), Mercy Health HREC (Project R14/10), The Women's Hospital HREC (Project 14/07) and Western Health HREC (Project 14/07)). 
Results
Of the 111 pregnant women recruited, 66 (59.5%) opted for extended analysis and 45 (40.5%) chose targeted. As shown in Table 2 , only three variables differed significantly in expected frequency among these two outcome groups (p < 0.05): indication for having prenatal diagnosis, time to conceive and use of fertility treatment. Women who had prenatal diagnosis for advanced maternal age only (≥37 years) were over-represented among those who chose extended information (88.2%), as were women who had prenatal diagnosis for 'other' reasons (70.6%). Of note, amongst this 'other' indication category, the proportion of women having testing for maternal anxiety or for Mendelian conditions was similar in each outcome group. Amongst those who conceived in <3 months, more women chose targeted information (62.5%). Conversely, those who took longer than 12 months to conceive and those who had not been trying to conceive (i.e. had an unplanned pregnancy) chose extended information more frequently (78.9 and 73.1%, respectively). Almost all women who had had fertility treatment (92.3%) chose extended information. Statistically significant independent predictors of choosing extended information included advanced maternal age (adjOR 9.6, 95% CI: 1.4-66.0, p = 0.02), and 'other' indication for the test (adjOR 7.1, 95% CI: 1.5-33.1, p = 0.01). Women who took more than 12 months to conceive were more likely to choose extended information (adjOR 4.1, 95% CI: 1.0-17.7, p = 0.05) compared to women who conceived in <3 months, and there was an attenuated positive association between having an unplanned pregnancy and choosing extended information (adjOR 3.4, 95% CI: 0.9-12.7, p = 0.07). Being of Asian background was associated with an almost five times greater likelihood of choosing extended information compared to Caucasian women (adjOR 4.7, 95% CI: 1.0-21.0, p = 0.04). Financial situation ('just getting by') was not significantly associated with choice, but the adjusted odds ratio showed a greater likelihood of choosing extended in this group compared with those 'living comfortably' (adjOR 3.1, 95% CI: 0.8-11.8, p = 0.10).
Predictors of choice
Psychological measures over time
Pre-diagnostic procedure, that is, before the CVS or amniocentesis Table 3 shows the means and standard deviations of the psychological scales separately for the targeted and extended analysis groups. Those who chose extended information were generally more anxious than those who chose targeted (p = 0.05). The average level of state anxiety at the time was slightly higher than population norms in both groups; a cutoff of 40 is defined as clinically important [17] . There were no between group differences for the other measures. 
Post-microarray test results
Twenty-eight women (25%) did not complete Survey 2 (15 extended and 13 targeted), four of whom had abnormal microarray results and were not sent a reminder. Of these non-responders, 50% had a state anxiety measure below 40 in Survey 1 compared with 33% of those who went on to complete Survey 2. There was a slight over-representation of non-Caucasian women (n = 10) amongst non-responders to Survey 2, but no other differences were seen. State anxiety and decisional regret scores (DRS) were not normally distributed: there was a strong skew towards lower scores in both groups. In both extended and targeted groups, state anxiety scores had declined substantially to well within population norm values, although they remained slightly higher in the extended group. Conversely, the targeted group demonstrated more decisional regret than the extended group (p= 0.03), but again the median score was within the normal range.
On examination of Survey 2 records for women receiving an abnormal (n = 6) or VOUS (n = 4) result, the DRS median was higher for the VOUS (35) than the abnormals (12.5) or normals (5) . If all Survey 2 records for women receiving an abnormal or VOUS result were excluded from the analysis, there were no changes in the anxiety results, the DRS medians remained the same, but the p value for the DRS changed from 0.03 to 0.02 with a tighter CI (1.4-18.5).
Discussion
We have shown that women who are given a choice about how much fetal genetic information to receive from a CMA following CVS or amniocentesis are demonstrating a clear preference for one of two quite different options. A slight majority of women in our study (60%) chose extended information, but a substantial percentage (40%) chose targeted. Our data indicate that when women carrying a fetus without a detected ultrasound abnormality are offered a choice, provided with a decision aid, and given time to consider options, they are able to participate in such decision-making without any adverse short-term psychological effects. This finding provides evidence for the need to ensure that having a choice between extended and targeted testing is available in pregnancy and that laboratories and clinical services are designed and resourced to facilitate this. Reporting on all results has been the standard practice to date, leaving test result delivery to the discretion of referring clinicians, potentially irrespective of parents' preferences.
Clearly, the most significant drawback to the use of CMA for prenatal diagnosis has been the potential detection of VOUS. Given the harm such information can have on pregnant women [5] , there is an argument that it should be withheld [4, 22] .
There is very little research about the amount of fetal information pregnant women might want from CMA. In the clinical setting, the issue has been looked at by just one Dutch study, which offered 59 women who were having prenatal diagnosis a choice between a lower resolution 5 Mb array and a higher resolution 0.5 Mb array (detecting more abnormalities), and between whether they wished to receive information about susceptibility loci or not [23] . Susceptibility loci are defined as known to affect function, but with expression and severity that are difficult to predict. Amongst these women, 94% chose the high-resolution array Offering genetic information for pregnant womanand 84% of these women wanted to know about susceptibility loci. In our study, the percentage who chose the 'targeted' option (40%) is much higher than the percentage who chose the lower resolution array (6%) in the Dutch study. However, it is notable that our targeted analysis would have detected some CNVs that are known to affect function, but which would have been missed by the Dutch 5 Mb array; this may have given our participants more confidence to choose this option.
Research into preferences women have for NIPT versus traditional prenatal diagnosis following a high-risk screening result also supports the premise that women will have different priorities and will make different choices, given the chance to do so; even if in this case, their choice is most likely related to safety of testing rather than information depth or turnaround time for a result. One study reported that 60% of women with a high-risk maternal serum screen in the first-trimester wanted NIPT for follow-up aneuploidy screening compared to 38% who wanted invasive prenatal diagnosis [24] . Similar figures were seen in another study, with 74% wanting NIPT and 18% prenatal diagnosis [25] . The latter paper concludes with a statement that the option to make an informed decision about having NIPT versus prenatal diagnosis is required outside of a research setting. We would expand that recommendation to include choice of not just the type of test but also amount of information from the CMA if prenatal diagnosis is chosen. Our results are relevant to other current and future prenatal sequencing technologies that will also produce VOUS, for example, advances in NIPT to include more widespread sequencing beyond the major chromosomal aneuploidies and common microdeletions [26] .
Outside the pregnancy setting and concerning sequencing rather than microarray technology, a recent study of 790 children and adults with suspected monogenic disorders has examined the choices people make about receipt of primary and secondary genomic research results [27] . Secondary findings are not specifically related to the medical condition being investigated in the patient, but relate to genes associated with 59 medically actionable conditions recommended for analysis and return of results. Researchers found that at least 20% of all participants did not want all results possible, again highlighting the importance of providing choice [27] . Provision of choice is included in a recent revision of the American College of Medical Genetics policy on reporting of variants from clinical genome-scale sequencing [28] . The College now allows for an option for patients to decline secondary finding analysis, following appropriate counselling [28] .
In our study, multivariable analysis demonstrated several significant independent predictors of choice of either targeted or extended analysis. First, women who were of advanced maternal age (≥37 years) and sought prenatal diagnosis without having had a screening test chose extended information most frequently. This desire for more in-depth information is consistent with the possibility that, by having prenatal diagnosis as a first-line test, they already had a high level of concern about their unborn child, wanting as much information as quickly as possible. Second, women who reported having taken more than 12 months to conceive were also more likely to choose extended testing. One possible explanation is that these women sought information from the most 'complete' test, which could provide greater reassurance about the health of a much awaited child. Likewise, when a pregnancy was unplanned, the frequent choice of extended analysis may reflect parental anxiety about inadvertent exposures, such as alcohol use before pregnancy awareness.
Finally, being of Asian ethnicity in our population had an almost five-fold increased likelihood of choosing extended information. This outcome is consistent with research findings demonstrating lower personal utility of a fetus diagnosed with Down syndrome in a Chinese population [29] . Similarly, a more recent study examining hypothetical preferences in relation to prenatal testing for microdeletions and duplications found that being of Asian ethnicity was significantly associated with choosing an invasive test as opposed to NIPT or no test at all [30] . This further indicates the interest in more in-depth testing amongst this population group.
There was weak evidence that those 'just getting by' financially, or 'finding it quite difficult', were more likely to want extended information than those 'living comfortably', perhaps to avoid medical expenses that might arise in a child with health problems. All of these reasons are speculative and warrant further follow-up in a qualitative study as no empirical data are yet available on such decision-making.
Study strengths and limitations
A strength of this study was that it was undertaken in real time, and was not dependent on hypothetical scenarios. In addition, the women recruited were likely to be representative of the general population having prenatal diagnosis in metropolitan regions, as they were from both private and public antenatal care services. There were, however, less than five women recruited from rural regions. An aspect that could be perceived as a limitation was the small sample size. Unexpected recruitment difficulties were a direct result of a reduction in eligible women because of the rapid uptake of NIPT in Victoria during 2014-2015, and therefore illustrative of a concomitant decrease in number of women having prenatal diagnosis [31] . Fortunately, although the final sample size was not as large as planned, we have been able to demonstrate significant associations because of the 60:40 distribution of women between the two choices. Another potential limitation in our assessment of the psychological impact of making a choice was that 25% of women did not complete the second survey. On examination of their Survey 1 levels of state anxiety, there was no excessive attrition by one group over another and those lost to follow-up were less anxious on average than those who continued to participate, thus potentially biasing our Survey 2 findings away from the null hypothesis. However, as we did not find strong associations between the two groups in post-test measures, it is unlikely that there has been an effect of participation bias. Further longitudinal studies would be needed to examine whether group differences in decisional regret persist over time.
Clinical implications
The time taken by the research genetic counsellor with each participant was recorded and all except five telephone calls were conducted in <20 min, with most being about 10 min. Given that 6 of the 7 clinics in this study had genetic counsellors seeing the participant prior to the procedure, we suggest that 10 min of extra time would need to be added to provide and explain the purpose of the decision aid (DA). We recognise that a DA alone cannot guarantee informed decision-making, nor replace the rich interaction that may take place between genetic counsellors and expectant parents. However, a DA adapted from the one used in this study could minimise the extra genetic counselling time required if such choices were offered to expectant parents, and help pave the way forward to increased shared decisions. Our results show that participants' preferences do vary, yet as far as we are aware, no guidelines currently recommend that these preferences be offered and formally assessed in clinical settings. Making such decisions available to expectant couples will present practical and clinical challenges, but failing to do so is also problematic.
In a medical era that promotes patient-centred decisionmaking, offering individualised choice about the scope and depth of prenatal genetic analysis seems more important than ever, especially when there is no fetal abnormality on ultrasound, and therefore no phenotype to help in decisionmaking [32] . Whilst our results need to be verified by longterm follow-up studies, they indicate the absence of high levels of anxiety or regret following receipt of chosen test results. Therefore, the findings support the premise that people have a right not to know, not to be conflicted, anxious and potentially confused by having uncertain or unknown results returned to them [33] .
Providing choice about the complex testing possibilities, and eliciting parental preference for the prenatal genetic analysis desired, in the limited time often available prior to testing, is a huge challenge [34] . Use of a DA as in this study (which was reported in Survey 1 as useful by 96.4% of participants), or an interactive decision-support tool as used in randomised controlled trials to inform pregnant women of their prenatal testing options, may assist [35, 36] . Pre-test genetic counselling will also facilitate greater understanding of all the testrelated information, enabling a personalised approach to decision-making and is highly recommended [37] .
We have shown that laboratories can offer a two-tier CMA reporting system successfully for a research study, but questions remain as to the sustainability of this process and the medico-legal ramifications if possibly abnormal results are withheld, even at the patient's request [9] .
Conclusion
Given a choice, women do make different decisions about the amount of fetal genetic information they want from CMA testing, and can negotiate this choice without evident short-term adverse psychological sequelae. Our results support a recommendation for offering different levels of genetic analysis to pregnant women who are undergoing screening and diagnostic testing. In the current context, lacking clear guidelines about the return of VOUS and leaving clinicians having to decide what results to share with patients, it seems imperative to involve expectant couples in their own reproductive decision-making which will impact on the rest of their lives.
